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ENGLISH VERSION: NATURAL PEPTIDE COMPLEXES OF THYMUS AND KIDNEYS 
REINFORCE APOPTOSIS OF TRANSFORMED T-CELLS, BUT DO NOT AFFECT THE 
PROCESSES OF APOPTOSIS IN B-CELLS* 
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One of the most important issues in modern medicine is the search for methods for regulating programmed cell death in 
order to develop new approaches to treatment, including cancer and leukemia. Humoral regulation of theprocesses of 
apoptosis with the help of cytokines, hormones, growth factors, peptides plays an important role in the mechanisms of 
regulation of apoptosis. The effect of natural peptide complexes of thymus and kidneys on HPB-ALL (acute T-cell 
leukemia) and BJAB (Berkita lymphoma) cell apoptosis processes has been studied. It has been shown that the natural 
peptide complexes of the thymus and the kidneys have little stimulating effect on the apoptosis of BJAB tumor B cells at 
low concentrations, and when increasing the dose of peptides, they do not affect the processes of apoptosis; it is 
believed that the processes of elimination of transformed T-cells are enhanced by activating apoptosis processes in 
them. With the action of the natural peptide complex of thymus, this effect has a dose-dependent nature - increases 
with raising the dose. 
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Apoptosis plays a key role in the removal of adverse 
or potentially dangerous cells from the body, for example, 
the transformed cells [1]. The literary sources provide 
evidence that suppression of apoptosis may be one of 
the reasons for the increase of proliferative activity of 
precancerous and cancerous tumors [2]. 

Disrupted course of apoptotic processes may infringe 
the homeostasis of the lymphoproliferative system and lead 
to the development of leukemia and lymphoma [3]. Experi-
mental confirmation has been made that the basis of many 
lymphoproliferative diseases is the process of cellular apop-
tosis disruption by the type of block of negative effects of 
activation, resulting in unrestrained cell proliferation [4]. 

Defects of apoptosis are at the basis of both tumor for-
mation and the appearance of resistance of tumors to medi-
cations [5,6]. Therefore, one of the most important issues is 
the search for methods of regulating programmed cell death 
in order to develop new approaches to the treatment of can-
cer and leukemia. The inhibitory effects may be targeted at 
different levels of regulation: interception of the stimulus, 
formation of antagonism to the inductor, termination of signal 
transduction, blockade of cellular catalytic enzymes – par-
ticipants in the cellular suicide [7, 8]. 

Humoral regulation of the processes of apoptosis with 
the help of cytokines, hormones, growth factors and pep-
tides plays an important role in the mechanisms of regula-
tion of apoptosis. 

The study of the mechanisms in the influence of regu-
latory peptides on apoptosis processes is currently given 
considerable attention, as the data on the amplification or 
inhibition of the apoptosis processes of cells in various 
tissues under the influence of peptide substances are 
gradually accumulated [9, 10]. 

It has been shown that synthesized pro-apoptotic 
peptides possess the anti-tumor activity against the blood 
vessel tumors in mice. When penetrated into the middle 
of the cell, they damage the membranes of mitochondria, 
causing the death of endothelial tumor cells [11]. The 
data on the anti-carcinogenic properties in peptides iso-
lated from the thymus have been obtained [12]. 

The aim of the research was to study  the effects of 
natural peptide complexes of the thymus and kidneys on 
the processes of apoptosis in HPB-ALL cells (acute T-cell 

leukosis) and BJAB (Burkitt’s lymphoma). 

Materials and methods 
The studies were conducted on cells of the BJAB line 

(Burkitt’s lymphoma) and HBP-ALL cells (acute T-cell 
leukosis). Cells were cultured in the RPMI-1640 (Gibco 
BRL) medium with the addition of 10% fetal bovine serum 
(BioMark), 10 mM HEPES (SIGMA, USA) and 100 μg/ml 
gentamicin sulfate (GNTSLS, Ukraine). The natural pep-
tide complex of thymus (thymalin) (Russia, St. Peters-
burg, ZMP) and the natural peptide complex of the kid-
neys (NPCK) [13] were added to a culture medium at a 
concentration of 0.01 μg / ml, 0.1 μg / ml, 1 μg / ml, 10 
μg/ml, respectively, and incubated for 24 hours at 37°C in 
a moist air with 5% CO2. 

The morphological changes in apoptosis were stud-
ied: hyperchromicity of nuclei, condensation and frag-
mentation of chromatin. In addition to classical May-
Grünwald- Romanowsky staining [14], we also used a 
fluorescent “nuclear” dye Hoechst 33342 [15]. The num-
ber of cells with morphological features of apoptosis was 
calculated as the percentage of cells with fragmentation 
or condensation of chromatin per 100 lymphocytes. 

The DNA from the transformed cells under considera-
tion was isolated using the phenol-chloroform method. An 
intercellular DNA fragmentation analysis was performed 
in the form of “steps” that occurs consistently in DNA 
splitting by endonuclease, using an agarose gel electro-
phoresis with visualization of the results in ultraviolet light 
in the presence of bromide etidium [14]. DNA molecules 
of λ-phage were used as markers of molecular weight 
after treatment with restrictase Pst 1. The results were 
photographed. 

The total number of cells was counted in 1 ml of sus-
pension. Differentiation of living and dead cells was per-
formed by staining the cells with acridine orange / 
ethidium bromide dye to estimate the percentage of cells 
present in the state of apoptosis [16]. 

The number of green (living) and orange (dead) cells 
was counted using a Lumam-P-8 microscope (Lomo, 
Russia), magnified at x360 under a fluorescence micro-
scope in ultraviolet light and the visible part of the spec-
trum. The number of dead and living cells was calculated 
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as the percentage of cells with an orange and green 
color, respectively, per 100 cells. 

Results and discussion 
The study of the total number of BJAB cells and their 

viability demonstrated that in the parent culture, the total 
number of cells was 3.0 ± 0.4 x 106 / ml, the percentage 
of dead cells was 4.60.8. The number of cells with thy-
malin at a minimum dose of 0.01 μg / ml and a dose of 

0.1 μg / ml slightly increased. At doses of 1 μg / ml and 
10 μg / ml, the total number of cells was equal to the con-
trol group. Percentage of dead cells was almost un-
changed under the action of thymalin and NPCK at doses 
of 0.01 μg / ml, 0.1 μg / ml in comparison with control 
cells. With an increase in the dose of peptides, it was 
equal to the control group (Table 1). 

Table 1 
Total amount and viability of BJAB cells under the action of thymalin and NPCK 

Thymalin, μg / ml NPCK, μg / ml Parameter  Control  
0.01 0.1 1 10 0.01 0.1 1 10 

1 2 3 4 5 6 7 8 9 10 
Number of cells 

106/ml, (n=6) 3.0  0.4 4.3  0.5 4.5   0.4 2.8  0.22 3.4   0.3 4.0   0.5 3.8   0.6 3.5   0.42 3.0    0.5 

Number of dead 
cells,%,  (n=6) 4.6   0.8 5.66   0.66 5.2   0.9 4.8   0.3 4.16    0.7 5.5   0.61 5.8    0.7 4.1 0.7 4.16   0.74 

Note: * p <0.05 – in comparison with control cells 

In the study of morphological manifestations of apop-
tosis in May-Grunwald-Romanovsky staining and 
Heochst 33342 staining, a slight increase in the number 
of cells with fragmentation of the nucleus was observed 

at the action of minimal doses of thymalin and NPCK. 
When increasing the dose of peptides, the level of cells 
with the presence of fragmentation of the nucleus was 
equal to the control group (Table 2). 

Table 2 
Morphological signs of apoptosis under the action of thymalin and NPCK 

Thymalin, μg / ml NPCK, μg / ml Parameter  Control  
0.01 0.1 1 10 0.01 0.1 1 10 

Fragmen-
tation,% 

n=6 
1.0  0.5 1.8  0.6 1.50  0.22 1.16  0.16 1.33  0.2 1.6  0.3  1.25  0.17 1.16  0.4 0.5  0.36 

M
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Conden-
sation,% 

n=6 
3.5  
0.42 4.5  0.5 3.3  0.49 3.0 0.57 3.0  0.51 4.3  0.61 3.0  0.63 4.0 0.44 3.2 0.47 

Fragmen-
tation,% 

n=6 
1.5  0.5 2.3  0.7 2.0  0.36 1.66 0.33 1.33  0.33 2.5  0.42 1.0  0.34 1.45  0.18 1.58  0.18 

H
oe

ch
st

 3
33

45
 

Conden-
sation,% 

n=6 
4.5  0.7 5.7  0.6 4.66  0.33 5.16  0.54 4.3  0.55  5.66 0.76 4.5  0.42 5.0  0.25 5.16  0.6 

Note: * p <0.05 – in comparison with control cells 

Similar changes were observed when chromatin con-
densation was detected. The results of researches of 
electrophoretic DNA samples of cells under the action of 

thymalin and NPCK showed that no significant changes 
occurred, and no internucleosomal DNA degradation was 
observed (Fig. 1). 

 
Figure 1. Analysis of internucleosomal degradation of DNA of cells of the human BJAB line  

at various doses of thymalin and NPCK in electrophoresis in agarose gel.  
1- marker of the molecular weight of DNA of lambda phage; 2- human DNA BJAB cells (control);  

3- cells that were exposed to thymalin (0.01 μg / ml); 4- cells that were exposed to thymalin (0.1 μg / ml);  
5- cells that were subjected to thymalin (1 μg / ml); 6- cells that were exposed to thymalin (10 μg / ml);  
7- cells that were exposed to NPCK (0.01 μg / ml); 8- cells that were exposed to NPCK (0.1 μg / ml);  
9- cells that were exposed to NPCK (1 μg / ml); 10- cells that were exposed to NPCK (10 μg / ml). 
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Thus, the natural peptide complexes of the thymus 
and kidneys have little stimulating effect on the apoptosis 
of tumor B-cells of the BJAB line at low concentrations, 
and when the dose of peptides increases, they do not 
affect the processes of apoptosis. It is known that sepa-
rate lines of B-cells have a high level of expression of 
Bcl-2, which results in their high resistance to apoptotic-
inducing factors [17]. 

Studies of the total number of HBP-ALL cells and 
their viability showed that the number of cells with the ac-
tion of a minimum dose (0.01 kg / ml) of thymalin and 
NPCK increased (Fig. 2) at doses of 0.1 μg / ml and  
1 μg/ml was also higher in comparison with control cells, 
which was 3.5 ± 0.24 x 106 / ml (p <0.05), but there was 
a tendency to decrease in the number of cells in com-
parison with the minimum dose. 
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Figure 2. The total number of HBP-LLA cells under the action  

 of  natural peptide complexes of the thymus (thymalin)  
and kidneys (NPCK).  

* p <0.05 – in comparison with control cells. 

At the maximum dose of peptides (10 μg/ml), the total 
number of cells was equal to the control group. Percent-
age of dead cells is believed to be elevated at the action 
of thymalin and NPCK at doses of 0.01 μg/ml, 0.1 μg/ml, 
compared with control cells, where it was 5.80.7 
(p<0.05). Along with this increase in the dose of peptides, 
the percentage of dead cells tended to decrease (Fig. 3). 

*

* *

*

*

*

0

2

4
6
8

10

12
14

16

control 0,01 μg/ml 0,1 μg/ml 1,0 μg/ml 10,0 μg/ml
Doses of peptide complexs of the thymus and kidneys

Th
e 

nu
m

be
r o

f d
ea

d 
ce

ls,
 %

thymalin
NPCK

 
Figure 3. Viability of HBP-LLA cells under the action   

of  natural peptide complexes of the thymus (thymalin) and 
kidneys (NPCK).  

* p <0.05 – in comparison with control cells. 

In the study of morphological manifestations of apop-
tosis in May-Grunwald-Romanovsky staining under the 
influence of the examined peptide complexes, typical 
apoptotic signs were observed with the fragmentation 
and pyknosis of the nuclei, and the decrease in the vol-
ume and size of the cytoplasm. The Heochst 33342 
staining, after treatment with thymalin and NPCK, re-
vealed fluorescence clusters characteristic for nuclear 
DNA – fragmentation and condensation of chromatin in 
cells. In the control cells, the percentage of cells frag-
mentation and condensation in May-Grunwald-
Romanovsky and Heochst 33342 staining was 1.2 ± 0.2 

and 1.6 ± 0.33, respectively. A probable increase in the 
percentage of cells with the presence of fragmentation of 
the nucleus was revealed, and with effect of thymalin, 
this effect had a dose-dependent nature (p<0.05)  
(Fig. 4 a, b). 
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б) Fragmentation in Hoechst 33342 staining
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Figure 4 a,b. Morphological signs of apoptosis  

in May-Grunwald-Romanovsky staining  
under the action  of  natural peptide complexes  
of the thymus (thymalin) and kidneys (NPCK).  
* p <0.05 – in comparison with control cells. 

 
Similar changes were observed when chromatin con-

densation was detected, but this effect was more pro-
nounced in the action of thymalin than in the NPCK. In 
the control cells, chromatin condensation was detected in 
May-Grunwald-Romanovsky and Heochst 33342 staining 
at 3.5 ± 0.34 and 4.0 ± 1.0 percent of cells, respectively. 
An increase in the dose of thymalin resulted in an in-
crease in the number of cells subjected to apoptosis. At 
the action of NPCK, we observed a multi-directional 
phase effect: the small doses of peptide stimulated apop-
tosis, whereas the large ones suppressed it (Fig. 5 a, b). 
The effect of peptides in small doses is due to the gener-
alization of the signal by the formation of secondary mes-
sengers, and with the increase in dose, hyperactivation of 
systems is observed, which can lead to the suppression 
of the effect [18]. 

 
а) Condensation in May-Grunwaid-Romanovsky staining 
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б) Condensation in Hoechst 33342 staining
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Figure 5 a,b. Morphological signs of apoptosis in Hoechst 33345 

staining under the action  of  natural peptide complexes of the 
thymus (thymalin) and kidneys (NPCK).  

* p <0.05 – in comparison with control cells. 

The results of studies of electrophoretic DNA samples 
of cells under the action of thymalin and NPCK showed 
that no significant changes occurred, internucleosomal 
degradation of DNA was not observed (Fig. 6). 

Thus, the natural peptide complexes of the thymus 
and the kidneys are capable of reinforcing the processes 
of apoptosis in the transformed T-cells. With the action of 
natural peptide complex of thymus, this effect has a 
dose-dependent character. 

Consequently, the natural peptide complexes of thy-
mus and kidneys are likely to increase the processes of 
elimination of the transformed T-cells by activating apop-
tosis processes in them, but they do not affect the proc-
esses of apoptosis of the transformed B-cells. One of the 
mechanisms of action of peptides may be their ability to 
bind to the molecules of MHC-I class, which can partici-
pate in the implementation of their actions [19]. 

 
Fig.6. Analysis of internucleosomal degradation of DNA cells of the HPB-ALL  

line under various doses of thymalin and NPCK in agarose gel electrophoresis.  
1- marker of molecular weight: DNA of lambda-phage is cut with restrictase pst  

1; 2- human DNA cells of the HPB-ALL line (control); 3- cells that were exposed to thymalin (0.01 μg / ml);  
- cells subjected to the action of thymalin (0.1 μg / ml); 5- cells subjected to the action of thymalin (1 μg / ml);  

6- cells that were exposed to thymalin (10 μg / ml); 7- cells that were exposed to NPCK (0.01 μg / ml);  
8- cells that were exposed to thymalin of NPCK (0.1 μg / ml); 9- cells that were exposed to NPCK (1 μg / ml);  

10- cells that were exposed to NPCK (10 μg / ml). 

The obtained data confirm the conclusion that peptide 
bioregulators exhibit the greatest activity in relation to the 
tropical type of cells and tissues. Presumably, there are 
specific sites on the cell surface that perceive the effect 
of thymic peptides on the apoptosis program in a differ-
entiated manner [20]. One of the mechanisms of action of 
peptides may be their ability to bind to the molecules of 
MHC-I class, which can participate in the implementation 
of their actions. 
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